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[57) ABSTRACT

An tmproved process for isomerizing hydrocarbons
using a catalyst which is periodically regenerated to
remove carbonaceous deposits, the catalyst being com-
prised of a mixture containing, as a major component,
an isomerization catalyst free of carbon monoxide-oxi-
dizing metals or metal compounds, and, as a minor
component, an isomerization catalyst which contains
small amounts of a metal or a compound of a metal
selected from vanadium and the metals of Groups IB,
VIB, VIIB and VIII of the Periodic Table. The process
is particularly suitable for the isomerization of metaxyi-
ene to a mixture of orthoxylene and paraxylene.

9 Claims, No Drawings
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PROCESS FOR THE ISOMERIZATION OF
HYDROCARBONS o

BACKGROUND
Field of the Invention

This invention relates to the isomerization of hydro-

carbons and more particularly to the vapor phase isom-

erization of hydrocarbons by means of a metal-contain-
ing catalyst which 1s periodically regenerated to re-
move carbonaceous deposits. '

The term “isomerization” is used herein to describe
the conversion of a hydrocarbon into at least one differ-
ent hydrocarbon product having the same number of
carbon atoms. Isomerization is particularly useful for
the conversion of straight chain paraffinic hydrocar-
bons such as n-butane into isobutane and for the conver-
sion of aromatic hydrocarbons such as metaxylene into
a mixture of orthoxylene and paraxylene.

Hydrocarbon 1somerization is carried out commer-

cially by contacting the hydrocarbon to be isomerized
with a catalytic material at elevated temperatures and at

pressures ranging from atmospheric to several hundred
psi. The catalyst usually has a relatively long life since
it is not, to any great extent, permanently affected by
the isomerization reaction. However, when isomeriza-
tion is carried out in the vapor phase there is a rapid
buildup of carbonaceous deposits, such as coke, on the
catalyst. These deposits must be frequently removed as
they rapidly inactivate the catalyst. The catalyst is re-
generated by burning off the carbonaceous deposit in
the presence of free oxygen. During the catalyst regen-
eration carbon monoxide and carbon dioxide are pro-
duced as gaseous combustion products, the relative
amounts of each depending upon the efficiency of the
oxidation step.

Recent federal and local air pollution control legisla-
tion has made it necessary to eliminate or drastically
reduce the amount of carbon monoxide being dis-
charged into the atmosphere. One method of accom-
plishing this is by contacting the gaseous effluent from
the catalyst regenerator with an oxidation promoter to
convert the carbon monoxide to carbon dioxide, how-
ever the cost of this operation is too great for economi-
cally practical operation of all but very large plants in
which the production of carbon monoxide is great
enough to justify the additional expenditure for a car-
bon monoxide conversion umnit.

The elimination of carbon monoxide as a gaseous
by-product from hydrocarbon conversion processes
using a regenerative catalyst can also be effected by
using a catalyst which contains a promoter, usually a
metal or metal compound, for the conversion of carbon
monoxide to carbon dioxide. U.S. Pat. No. 2,647,860
describes a hydrocarbon cracking process using a syn-
thetic silicaalumina catalyst which is capable of regen-
eration, and and which contains about 0.01 to 1% by
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tent states that metal promoters such as chromium,
cobalt and platinum may be present in the catalyst in
amounts of about 5 to 40% by weight. U.S. Pat. No.
3,173,854 describes a process for the hydrocracking of
hydrocarbon oils using a crystalline aluminosilicate
containing, as a hydrogenation component, 0.01 to 25%
by weight of a metal selected from Groups VI and VIII
of Periodic Table. U.S. Pat. No. 3,650,990 discloses the
preparation of a crystalline aluminosilicate useful for

the conversion of hydrocarbons containing a metal
promoter selected from Groups IVB, VB, VIB, VIIB

and VIII of the Periodic Chart. The metal is incorpo-
rated into the crystalline aluminosilicate prior to or
during its formation and may vary from .001 to 5% by
weight. U.S. Pat. No. 3,788,977 describes hydrocarbon
cracking using a platinum-impregnated crystalline alu-
minosilicate catalyst. The platinum which is present in
amounts of 0.5 ppm or more increases the yield of aro-
matic product. The use of catalyts which contain car-
bon monoxide oxidizing metals or metal compounds in
isomerization processes significantly reduces the effi-
ciency of the catalyst for the hydrocarbon isomerization
reaction.

U.S. Pat. No. 3,364,136 describes hydrocarbon con-
version using a catalyst comprised of a first component
consisting of solid particles containing a crystalline
aluminosilicate which is active for the conversion of the
hydrocarbon, and a second component consisting of
solid - particles containing a crystalline aluminosilicate
which is inert with respect to the hydrocarbon conver-.
sion reaction because its pores are too small to admit the
hydrocarbon reactant, but which is effective to promote
oxidation of carbon monoxide to carbon dioxide. The
latter component contains from less than 0.01 up to 20%
by weight of a metal, metal oxide or metal sulfide from
Groups 1B, IIB, VIB, VIIB or VIII of the Periodic
Chart. The disadvantage of this catalyst is that its use
reduces the capacity of the reactor since only a portion
of the catalyst is useful for hydrocarbon conversion.
Belgian Pat. 820,181 describes a process for cracking

- hydrocarbons with a cracking catalyst material which
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weight of chromic oxide to promote the oxidation of

carbon monoxide in the catalyst regenerator. This pa-
tent acknowledges the fact that the chromic acid ad-
versely affects the cracking reaction. U.S. Pat. No.
3,140,249 describes the preparation and use of crystal-
line aluminosilicate compositions containing small
amounts of metals such as vanadium and manganese in
hydrocarbon cracking processes. U.S. Pat. No.
3,140,253 discloses the preparation and use of crystal-
line aluminosilicates in hydrocarbon conversion pro-
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cesses, including hydrocarbon isomerization. This pa-

contains less than the 100 ppm of a metal chosen from
Periods § and 6 of Group VIII of the Periodic Chart or
rhenium. This patent teaches that the metal may be
applied uniformly over all of the catalyst or it may be
applied at a higher concentration on a portion of the
catalyst and blended with unmodified catalyst provided
that the total metal content of the final catalyst mixture
does not exceed 100 ppm.

SUMMARY

A method has now been discovered for significantly
reducing the emission of carbon monoxide into the
atmosphere in a hydrocarbon isomerization process
using a catalyst which is periodically regenerated wth
oxygen to remove carbonaceous deposits without sig-
nificantly reducing the productive capacity of the isom-
erization reactor.

Accordingly, it 1s an object of this invention to pres-
ent an improved process for isomerizing hydrocarbons,
particularly aromatic hydrocarbons. It is another object
of the invention to present an improved process for
isomerizing hydrocarbons in the absence of added free
molecular hydrogen. It is another object of this inven-
tion to present an improved process for isomerizing
hydrocarbons, particularly aromatic hydrocarbons such
as metaxylene, in a two-step reaction-catalyst regenera-
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tion process. It is another object of the invention to

significantly reduce the amount-of carbon monoxide

produced during the regeneration of a catalyst used for
the isomerization of hydrocarbons. It is another object
of the invention to significantly reduce the emission of
carbon monoxide into the atmosphere in a hydrocarbon
isomerization process using a catalyst which is periodi-
cally regenerated to remove carbonaceous deposits
without significantly reducing the productive capacity
of the isomerization reactor. It is another object of the
invention to present an improved hydrocarbon isomeri-
zation catalyst. These and other objects of the invention
will become apparent from the following description
and examples.

In accordance with the invention the isomerization-
regeneration process is carried out using a mixture of
solid particles comprised of (1) a major amount of first
solid particles which are effective to promote the hy-
drocarbon isomerization reaction and which are sub-
stantially free of carbon monoxide oxidation metals or
metal compounds and (2) a minor amount of second
solid particles which are effective to promote the hy-
drocarbon isomerization and which contain a minor
amount, preferably about 0.05 ppm to 10% and more
preferably 1 ppm to 1% by weight of said second solid
particles of at least one metal or a composition of a
metal selected from Groups IB, VIB, VIIB and VIII of
the Periodic Table and vanadium to promote the oxida-
tion of carbon monoxide to carbon dioxide during the
regeneration step. The preferred metal or metal compo-
sitions are those of the platinum series, particularly
palladium and platinum. The preferred amounts of the
first and second solid particles are about 80 to 99% and
1 to 20% by weight respectively. This catalyst system is
especially effective for the isomerization of metaxylene
to orthoxylene and paraxylene.

DESCRIPTION OF THE INVENTION

The improvement of this invention can be used to
advantage in either fixed or circulating catalyst bed
operations. It is usually preferable, however, to isomer-
ize hydrocarbons by circulating catalyst bed techniques
since the necessity for frequent catalyst regeneration to
remove carbonaceous deposits on the catalyst particles
renders the fixed bed method less practical. Of the cir-
culating bed methods it is often preferable to use mov-
ing bed techniques rather than fluidized bed procedures.

The catalyst system used in the isomerization of hy-
drocarbons in accordance with the teachings of the
invention is comprised of a mixture of two types of solid
particles. The first solid particles are effective as a hy-
drocarbon isomerization catalyst and are substantially
free of added metal or metal compound additives which
are catalytically active for the oxidative conversion of
carbon monoxide to carbon dioxide. Metals or metal
compounds to be avoided in preparing the first compo-
nent of the catalyst are the metals or metal compounds
of vanadium and Groups IB, VIB, VIIB and VIII of the
Periodic Table of the Elements. It has been determined
that when a major portion of the solid particles used in
hydrocarbon isomerization contains one or more of
these metals or a compound of one or more of these
metals the yield of desired products is often significantly
reduced. It is particularly desirable to avoid incorporat-
ing the metals or compounds of metals of the platinum
series of Group VIII, i.e., platinum, palladium, ruthe-
nium, osmium, rhodium and 1r1d1um mto the first solid
particles used in the invention. -
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The second solid particles comprise at least one base
material which is effective as a hydrocarbon isomeriza-
tion catalyst and at least one metal or metal compound
effective to promote the oxidation of carbon monoxide

to carbon dioxide. The base material may have the same
composition as the first solid particles or it may be a
different hydrocarbon isomerization catalyst. The met-
als which have been found to be suitable for incorpora-
tion into the second solid particles in the practice of the
invention are those which belong to Groups IB, VIB,
VIIB and VIII of the Periodic Table and vanadium.
Compounds of these metals can also be used in the
second solid particles. Although any of the metals or
metal compounds in these groups can be effectively
used, it has been determined that metals or compounds
of metals of the platinum series of Group VIII are pre-
ferred for use in the invention. The metals of the plati-
num series include platinum, palladium, rhodium, irid-
ium, ruthenium and osmium. Platinum and palladium
metals and their compounds are especially active for the
promotion of the oxidation of carbon monoxide to car-
bon dioxide. These metals and their compounds, when
incorporated into a minor amount of the total catalyst
inventory used in the reactor provide improved overall
catalyst performance, e.g., increased oxidation of car-
bon monoxide while having substantially no adverse
effect on the hydrocarbon isomerization reaction.

The hydrocarbon isomerization catalyst used in the
first and second solid particles may be of any of the
natural or synthetic materials which are effective to
catalytically promote the isomerization of hydrocar- .
bons. Suitable materials include acid-treated natural
clays such as montmorillonite, kaolin and bentonite
clays, natural or synthetic porous amorphous materials
such as amorphous, i.e., noncrystalline, silica-alumina,
silica-magnesia and silica-zirconia composites, and the
more recently developed crystalline aluminosilicates,
often referred to as zeolites or molecular sieves. Porous
amorphous silicaalumina, silica-magnesia and silica-zir-
conia composites, are preferred over the other men-
tioned catalysts since they are much more selective for
the isomerization reaction. It is preferred that the pores
in the amorphous silica composites have a diameter of at
least about 10A. The method of preparation of these
catalysts is well known and forms no part of this inven-
tion. The preparation of amorphous silica-alumina, etc.
catalyst materials is described in the above-mentioned
patents and the disclosures of these patents are incorpo-
rated herein by reference.

The metal may be incorporated into the base material
as the metal or as a compound of the metal. Methods of
incorporating metals or metal compounds into catalytic
materials of the type used herein by impregnation or
otherwise are well known and, in general, any of the
known methods can be used in the preparation of the
second solid particles used in the catalyst system of the
invention. It is preferred, however, to use a method of
metal incorporation which will provide for the uniform
distribution of the metal in the second solid particles in
a form which is not easily removable. The metal can be
incorporated either during or after the formation of the
second solid particles. A commonly used method of
incorporating the metal into the second solid particles is
to contact the particles with a solution, e.g., an aqueous
solution, of the metal or a compound of the metal, fol-
lowed by drying the particles to remove the solvent.
Another useful method of incorporating the metal or
metals into the second solid particles is ion exchange.
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As stated above these or.other known methods of incor-

porating metals or metal compounds into the second

solid particles can be employed. - L
When the metal or metals are incorporated into the
second solid partlcles as a compound the compound
may be inorganic or organic. Representative classes of
inorganic compounds include the oxides, sulfates, sul-
fides, oxychlorides, halides, nitrates, phosphates and
other inorganic salts, preferably water-soluble salts, of
the above metals. Typical inorganic compounds for
incorporation into the second solid particles include
copper nitrate, copper chloride, silver nitrate, chromic
acid, chromium nitrate, ammonium molybdate, ammo-
nium tungstate, manganous nitrate, ammonium perrhe-
nate, perrhenic acid, ferric chloride, ferric nitrate, fer-
rous ammonium sulfate, cobalt chloride, cobalt nitrate,
nickel nitrate, nickel chloride, ruthenium nitrate, ruthe-
nium chloride, rhodium trichloride, ammonium palla-
dium hexachloride, palladium chloride, diamminedi-
chloropalladium, diamminedinitropalladium, tetraam-
minepalladium chloride, tetraamminepalladium hydrox-
ide, palladium nitrate, palladium acetate, osmium tet-
roxide, ammonium platinum hexachloride, chloropla-
tinic acid, diamminodichloroplatinum, diamminedini-
troplatinum, tetraammineplatinous hydroxide, tet-
raamineplatinous hydroxide, etc. As mentioned above,
platinum series compounds, such as chloroplatinic acid,
palladium chloride, osmium tetroxide, etc. are preferred
because of their greater catalytic activity.
Representative classes of organic metal-containing
compounds which can be used to incorporate the metal
into the second solid particles include metal ketones,
metal alcoholates, metal salts of organic acids, etc.
Typical organic compounds include bis(e-
thylacetoacetato) copper (II), copper acetylacetonate,
silver palmitate, pentachloromolybdenum, hexacar-
bonylmolybdenum, tetrachloromolybdenum, hexacar-
bonylmolybdenum, tetrachloroxytungsten (VI), hexa-
chlorotungsten (VI),
manganese (I), bis(w-cyclopentadienyl)tricarbonylr-
henium (II), trichloro(tetrahydrofuran)iron (III), tricar-
bonyl(cyclooctatetraene)iron, tetracarbonyitriphenyl-
phosphinoiron, nitrosyltricarbonylcobalt (1), -

cyclopentadienyldicarbonylcobalt (I), ruthenocene,

tricarbonyltris(triphenylphosphino) ruthenium, . palla-
dium acetylacetonate, tetrakis(triphenylphosphino)pal-
ladium, . dichloro(ethylene) palladium (II) dimer,. 7-
cyclopentadinyldicarbonylosmium(I)dimer, platinum
acetylacetonate, dichlorodicarbonylplatinum  (II),
trimethylplatinum chloride, dichlorotetracarbonyldir-
hodium (I),
rhodium (I), triiodotricarbonyliridium (III), tri-
chlorobis(trichlorophosphino) iridium (III), etc. As
above the platinum series organic series are preferred.

The amount of metal or metal compound incorpo-
rated into the second solid particles will depend upon
the particular metal being used. For example, very small
amounts of highly active metals such as platinum or
palladium have been found to be effective whereas it is
necessary to use larger amounts of less active metals to
achieve the desired results. In general, it is desirable to
incorporate into the second solid particles about 0.05
ppm to 10% and preferably about 0.5 ppm to 1% of the
metal, or sufficient amounts of one or more metal com-
pounds to provide this amount of metal, based on the
total weight of the second solid partlcles When a metal
of the platinum series is used it.is preferred that the
amount of metal be in the range of, about 0.05 to 1000
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ppm and more preferably about 0.5 to 500 ppm calcu-
lated as elemental metal based on the total weight of
second solid particles. -

It may be desirable to separate the second solid parti-
cles from the first solid particles, for example, when it 1s
desired to use the first solid particles alone for hydro-
carbon conversion or where it is desired to recover the
second solid particles for other uses or for metal recov-
ery. This can be conveniently accomplished by prepar-
ing the second solid particles in a manner such that they
have a different size than the first solid particles. The
separation of the first and second solid particles can
then be easily effected by screening.

The catalyst of the invention can be beneficially used
for the isomerization of paraffinic or aromatic hydro-
carbons. It is well adaptable to the isomerization of
paraffinic hydrocarbons containing from 3 to 20 carbon
atoms and aromatic hydrocarbons containing one or
two rings and up to 18 carbon atoms. The process of the
invention is particularly useful for the isomerization of
methyl benzenes containing from 8 to about 10 carbon
atoms per molecule and is especially useful for the isom-
erization of metaxylene to a mixture of orthoxylene and
paraxylene.

In accordance with a preferred embodiment a hydro-
carbon feedstock, such as metaxylene, which is in the
vapor phase 1s 1somerized in a moving catalyst bed
reactor in which the catalyst is a mixture containing
about 80 to 99% by weight of first solid particles which
is a porous amorphous silica-alumina composition and
about 1 to 20% of second solid particles which is an
amorphous silica-alumina composition and which have
incorporated therein about 0.05 ppm to 1000 ppm of at
least one metal selected from the platinum series of
Group VIII of the Periodic Table. The first and second
solid particles preferably have a size, e.g., diameter of
about 1/32 to 1 and more preferably about 4 to § inch in
size. The isomerization reaction zone is preferably oper-
ated at a temperature of about 700° to 1200° F. and more
preferably about 800° to 1000° F. and preferably at
approximately atmospheric pressures such as about 0 to
30 psig. The catalyst holding time, i.e., the length of
time that the catalyst remains in the reaction zone is
preferably kept in the range of about 6 to 240 and more
preferably about 12 to 120 minutes. Longer holding
times are generally undesirable since they result in
higher coke buildup on the catalyst and thereby reduce
the catalyst activity. The weight hourly space velocity
(WHSYV), that is, the weight of hydrocarbon feed per

‘hour per unit weight of catalyst is preferably in the

range of about 0.1 to 10 and more preferably about 0.25
to J.

After the catalyst particles leave the isomerization
reaction zone they enter the catalyst regeneration zone
where the carbonaceous substances which were depos-
ited on the catalyst particle surfaces during the isomeri-
zation reaction are removed. This is accomplished by
contacting the catalyst with an oxygen-containing gas
stream, such as air, at temperatures preferably in the
range of about 800° to 1500° F. and more preferably
about 900° to 1200° F. The oxygen-containing gas
stream may be heated prior to its introduction into the
regenerator. The temperature and flow rate of the oxy-
gen-containing gas stream is preferably such that the
temperature in the regeneration zone is maintained in
the preferred temperature range specified above.
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The following examples illustrate specific embodi-
ments of the invention. Unless- otherwise indicated,
parts and percentages are on a weight basis.

EXAMPLE 1

A

Particulate hydrocarbon isomerization catalyst in the
shape of spheres having a diameter of about 1/16-} inch
and comprised of porous amorphous silica-alumina 1is
charged into a flask equipped with means for evacuat-

ing the flask. The flask is evacuated and maintained

under a vacuum of 28 inches Hg for 20 minutes. An
aqueous solution of chloroplatinic acid is introduced
into the flask and the flask is agitated sufficiently to
effect a uniform distribution of the chloroplatinic acid
on the catalyst particles. The concentration of chioro-
platinic acid in the solution is sufficient to impregnate
the catalyst with 100 ppm, based on the weight of cata-
lyst, of platinum, calculated as elemental platinum. The
catalyst is dried in a hot air stream with continuous
agitation for three hours and then calcined in an air
stream in a tube furnace at 1200° F. for 1 hour. The
catalyst is now ready for use.

B

The hydrocarbon isomerization catalyst mixture is
prepared by combining 5 parts by weight of the above-
prepared platinum-containing amorphous silica-alumina
~catalyst and 95 parts of the particulate amorphous silica-
alumina catalyst used in the preparation of the platinum-
containing catalyst. The catalyst mixture is packed into
a 0.3 liter cylindrical quartz reactor 50 mm in diameter
and 16 cm long equipped with a sleeve heater and a feed
and product analyzer which measures the amount of
carbon monoxide in the feed and product streams. The
reaction zone of the reactor is maintained at a tempera-
ture of 1000° F. during the reaction. A feed mixture

comprised of, on a volume basis, 5% carbon monoxide,

2.8% oxygen, 1% carbon dioxide and the balance nitro-
gen is passed through the reactor at a feed rate of 13.5
standard ft’/hr (SCFH). The reaction is permitted to
run for 40 minutes at constant flow conditions. During
the reaction 98.7% of the carbon monoxide in the feed
mixture is oxidized to carbon dioxide.

Example I shows that when small portions, for exam-
ple, 5% of the total inventory of a catalyst is impreg-
nated with unusually high levels of platinum compound
(100 ppm) a very high percentage (98.7%) of the carbon
monoxide present in a feed mixture which is passed
through the bed is converted to carbon dioxide (com-
pared to the percent conversion with totally platinum-
free catalyst) in spite of the fact that the catalyst sub-
strate does not itself promote the reaction of carbon
monoxide to carbon dioxide.

EXAMPLE II

The procedure of Example IB is repeated except that
the catalyst used is 100% porous silica-alumina catalyst
(containing no added platinum). During the reaction
only about 7% of the carbon monoxide in the feed will
be converted to carbon dioxide.

EXAMPLE III

A hydrocarbon feed stream comprised of 9.3% by
weight paraxylene, 79.0% by weight metaxylene and
11.7% by weight orthoxylene is isomerized by contact-
ing it with the catalyst mixtures described above in
Examples I and II. The reactor used in this example
consists of a 4 inch diameter pyrex fixed bed tube fitted
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with a sleeve heater. The test is carried out by contact-
ing the feed stream with the catalyst at a flow rate of 0.2
cc per minute for ten minutes. The Run 1 catalyst 1s

unmodified particulate porous amorphous silica-
alumina catalyst and the Run 2 catalyst mixture consists

of a 5 weight % of 100 ppm platinum-impregnated
amorphous silica-alumina catalyst and 95 weight %
unmodified particulate amorphous silica-alumina cata-
lyst. The results of this experiment are tabulated in

Table I.
TABLE I
Run | 2
Feed Analysis, wt.%
paraxylene 9.3 9.3
metaxylene 79.0 79.0
orthoxylene 11.7 11.7
Catalyst unmodified PAS* 95% PAS*
5% Pt
impregnated
PAS*
Product Analysis, wt.%
paraxylene 13.2 13.2
metaxylene 68.5 68.3
orthoxylene 15.3 15.4
other hydrocarbons | |
and carbon 3.0 3.1
% Approach to Equilibrium
paraxylene 29 29
metaxylene 39 40
orthoxylene 27 28

*PAS - particulate porous amorphous silica-alumina

“% Approach to Equilibrium” is a measure of the
effectiveness of the isomerization reaction and employs
as a reference the percentages of the three xylene iso-
mers existing at equilibrium at the reference tempera-
ture. At the reaction temperature, 900° F., the percent-
ages of paraxylene, orthoxylene and metaxylene at equi-
librium conditions are 23%, 25% and 52% by weight,
respectively. The % approach to equilibrium for each
of the three xylene components is determined by the
following equation:

wt.% component  wt.% component

in product in feed % 100
wt.% component  wt.% component
at gquﬂlbl:l?lm ¥ feeglo

% Approach =

This example illustrates the effectiveness of the cata-
lyst of the invention as an isomerization catalyst. A
compression of Runs 1 and 2 shows that the overall
isomerization activity of the catalyst of the invention

(Run 2) is not adversely affected by the presence of the

platinum on 5% of the catalyst inventory.

EXAMPLE 1V

When the feed stream used in Example III is isomer-
ized at the conditions set forth in Example III using
particulate porous amorphous silica-alumina containing
2 wt. % vanadium, the isomerization promotion activity
of the particulate amorphous silica-alumina will be -
found to be substantially equivalent to porous amor-
phous silica-alumina which is free of added metals.
When this catalyst is regenerated by combustion very
little carbon monoxide will be formed as a gaseous
product.

EXAMPLE V

When Example IV is repeated except that chromium
is substituted for the vanadium, the isomerization pro-
motion activity of the catalyst will be found to be sub-
stantially equivalent to the unmodified particulate po-
rous amorphous silica-alumina. The resulting catalyst
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will also be found to possess excellent carbon monoxide
oxidation activity. |

EXAMPLE VI

Example IV is repeated except that manganese is
substituted for the vanadium. The isomerization promo-
tion activity of the catalyst will be substantially equiva-
lent to the unmodified particulate amorphous
silicaalumina. The resulting catalyst will also be found

to possess excellent carbon monoxide oxidation activity.

Although the invention has been described with par-
ticular reference to specific working examples, it is
understood that the scope of the invention 1s not limited
thereto but is determined by the breadth of the ap-
pended claims.

I claim:

1. In a catalytic process for isomerizing aromatic
hydrocarbon compounds containing 8 to 18 carbon
atoms in the absence of added free molecular hydrogen
wherein the catalyst is periodically regenerated with an
oxygen-containing gas stream to remove carbonaceous
deposits by converting said deposits to a carbon monox-
ide-containing gas mixture, the improvement compris-
ing using as the catalyst a mixture consisting of

(1) about 80 to 99% by weight of a first component
consisting of a particulate amorphous silica-
alumina composition, and "

(2) about 1 to 20% by weight of a second component
consisting of a particulate amorphous silica-
alumina composition and 0.05 ppm to 10% by
weight of at least one metal or compound of a
metal selected from rhenium, ruthenium, osmium,
rhodium, iridium, palladium, platinum and mix-
tures of these.

2. The improved process of claim 1 wherein the

amount of metal or metal compound in said second solid

particles is about 0.05 ppm to 1000 ppm, calculated as
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3. The improved process of claim 1 wherein said
metal or compound of a metal is selected from platinum,
palladium, platinum compounds, palladium compounds
and mixtures of these and it is present in an amount of
about 0.5 to 500 ppm, calculated as elemental metal,
based on the total weight of said second solid particles.

4. The improved process of claim 2 wherein said first
and second solid particles are present in amounts of
about 90 to 99% and about 1 to 10% respectively, based
on the total weight of solid particles present.

5. The improved process of claim 2 wherein the mix-
ture of said first and second partlcles comprises a mov-
ing bed.

6. The improved process of claim 1 wherein said

aromatic compound is a methyl benzene containing 2 to

5 methyl groups attached to the aromatic nucleus.
7. The improved process of claim 6 wherein said
methyl benzene is metaxylene.

8. An improved process of isomerizing metaxylene to
orthoxylene and paraxylene comprising, as a first step,
contacting, in the absence of added free molecular hy-
drogen and at a temperature of about 700° F. to 1200°
F., metaxylene with a catalyst consisting of about 90 to
99% of a first particulate component which is an amor-
phous silica-alumina composition and about 1 to 10% of
a second particulate component which is an amorphous
silica-alumina composition, said second particulate
component having impregnated therein about 0.05 ppm
to 1% based on the weight of said second particulate
component of at least one metal or compound of a metal
of the platinum series of the Periodic Table, whereby
carbonaceous materials are deposited on said catalyst;
and a second step comprising regenerating the catalyst
by contacting it with an oxygen-containing gaseous
stream at a temperature sufficiently high to burn off at
least a portion of the carbonaceous deposits but lower
than the catalyst degradation temperature.

9. The process of claim 8 wherein the metal or metal
compound is platinum, palladium, mixtures of platinum

and palladium, or compouuds of these.
B & ¢ =
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